Background Aspirin is established as an effective prophylaxis for venous thromboembolism (VTE) after THA; however, there is no consensus as to whether low-or regular-dose aspirin is more effective at preventing VTE. Questions/purposes (1) Is there a difference in the incidence of symptomatic VTE within 90 days of elective THA using low-dose aspirin compared with regular-dose aspirin? (2) Is there a difference in the risk of significant bleeding (gastrointestinal and wound bleeding) and mortality between low-and standard-dose aspirin within 90 days after surgery?
Introduction
Venous thromboembolism (VTE) is the third most common cause of hospital readmission after THA [23] . Continuous improvements in perioperative anesthesia protocols and early postoperative mobilization have led to a substantial reduction in VTE incidence (< 1%) recently [6, 14, 17, 31] . Although chemoprophylaxis has been shown to reduce the risk of VTEs after THA, the benefits of using chemoprophylactic agents to prevent VTEs must be weighed against an increased risk of adverse events such as bleeding and periprosthetic joint infection [7, 8, 14, 29] .
Aspirin has a major effect in the primary and secondary prevention of cardiovascular and cerebrovascular events in patients with cardiovascular comorbidities [3] as well as a relatively low risk of side effects compared with more aggressive options. For high-risk procedures such as THA, aspirin has been shown to be as effective as other anticoagulation agents since the first report by Salzman et al. [14, 24, 27] . Although the use of aspirin for VTE prophylaxis after THA was described a few decades ago [15, 26, 27] , aspirin was endorsed only recently as a prophylactic agent by the medical community [19] . The American Academy of Orthopedic Surgeons (AAOS) in 2008 and 2011 and the American College of Chest Physicians (ACCP) in 2012 have jointly recommended the use of 325 mg aspirin, twice daily for 6 weeks after surgery, alone for the prophylaxis of VTE after THA [9, 16] . Since then, many studies comparing the efficacy of aspirin with other anticoagulation agents have demonstrated aspirin was as effective as other agents for the prophylaxis of VTEs after lower extremity joint arthroplasty [1, 14] . One study showed that low-dose aspirin (81 mg) was similarly effective as highdose aspirin (325 mg) for the prevention of cardiovascular events after carotid endarterectomy [30] . In addition, side effects of aspirin are reportedly dose-dependent, especially the risk of gastrointestinal (GI) bleeding [25] . Evidence to support the use of low-dose aspirin for VTE after THA is minimal with only a recent study reporting benefits to the use of low-dose aspirin when compared with high-dose aspirin for VTE prevention after THA and TKA [21] .
Therefore, the aim of this study was to answer the following questions: (1) Is there a difference in the incidence of symptomatic VTE within 90 days of elective THA using low-dose aspirin compared with regular-dose aspirin? (2) Is low-dose aspirin associated with a lower risk of significant bleeding (GI and wound bleeding) and mortality compared with regular-dose aspirin after THA?
Materials and Methods
After institutional review board approval, we retrospective reviewed 7488 patients who underwent THA between September 2012 and December 2016. A total of 3936 (53%) patients received aspirin alone for VTE prophylaxis after THA. During the study period, both aspirin regimens were considered as monotherapy in patients with no history of VTE, recent orthopaedic surgery, hypercoagulable state, a history of cardiac arrhythmia requiring anticoagulation, or receiving anticoagulation for any other medical conditions before surgery. Patients were excluded if aspirin use was contraindicated because of peptic ulcer disease, intolerance, or other reasons.
Of those treated with aspirin, a total of 1033 (26%) patients received aspirin (81 mg twice daily) for 4 to 6 weeks, and a total of 2903 (74%) patients received aspirin (325 mg twice daily) for 4 to 6 weeks after surgery. Aspirin was initiated on the evening of or the next day after the procedure. All patients received multimodal VTE prophylaxis using pneumatic compression stockings after the procedure and physical therapy was initiated on the day of surgery or on postoperative Day 1 and continued daily throughout the hospital stay as part of the institution's protocol for VTE prophylaxis. When examining the criteria for choosing lowdose versus regular-dose aspirin, surgeons' census was that patients with fewer morbidities received low-dose aspirin and those with more comorbidities received regular-dose aspirin. Generally, the choice between low-dose versus standard-dose aspirin was based on the surgeon's past training and experience and the number of comorbidities the patient has at the time of surgery.
Patient demographic characteristics, comorbidities, and operative details were collected from the electronic medical records. Patient characteristics were different between the 325-mg aspirin group and the 81-mg aspirin group (Table 1) . Patients who received 325 mg aspirin were slightly younger and had a higher comorbidity index score than those who received 81 mg aspirin, but were not significantly different in terms of body mass index (BMI). In addition, the 325-mg aspirin group had a lower proportion of female patients than the 81-mg aspirin group. Volume 477, Number 2 Low-dose Aspirin and VTE Prophylaxis After THA 397
Outcome Assessment
Complications occurring within 90 days postoperatively were screened through a review of electronic medical records, including emergency department visits, unscheduled clinic visits, and readmissions. Complications recorded included symptomatic VTE including both deep vein thrombosis (DVT) and pulmonary embolus (PE), bleeding (GI and wound), and mortality within 90 days after surgery. Symptomatic DVT and PE were recorded in patients who presented with signs and symptoms suspicious of DVT (leg swelling, erythema, calf pain, and tenderness) and confirmed by Doppler ultrasound for DVT and CT angiography or ventilation-perfusion studies for PE. Significant bleeding (any upper or lower GI or wound) was defined as bleeding if it required medical attention or required at least one unit of red blood cells or was associated with a drop of at least 1 g/dL of hemoglobin. Medical records were reviewed to identify the incidence of any outcome of interest treated at an outside institution and no patients were identified. In addition, record review for medication reconciliation at followup visits showed that patients were compliant with taking aspirin after surgery. The primary endpoint of the study was symptomatic VTE. The secondary endpoint included symptomatic PE, symptomatic DVT, bleeding (including GI and wound), and death within 90 days after surgery.
Risk of Bias
This study may have suffered a number of biases: (1) selection bias in which patients with fewer comorbidities may have received the lower dose of aspirin. Although all patients included in the study are considered at low risk for developing VTE after surgery, the choice between aspirin regimens relied on patients' other comorbidities and surgeon preference. To adjust for this potential bias and extrapolate a meaningful difference in VTE incidence between the aspirin groups, a multivariate logistic regression model was used that adjusted for demographics and comorbidities as confounding factors and the surgeons as a random effect to eliminate potential selection bias. (2) Transfer bias in which the completeness and the length of followup to capture the events of interest could be a confounder. Patients were assessed for followup completeness through manual chart review. Patients were considered to be lost to followup if they had no clinical encounters after surgery. None of the patients included in the study had no followup after surgery. However, we identified 78 (1.9%) patients in the study population who had at least one visit up to 6 to 8 weeks after surgery, but no followup visits were available at 90 days after surgery. Of those, 20 patients (1.9%) were in 81-mg aspirin group and 58 patients (2.0%) were in the 325-mg aspirin group. (3) Assessment bias in which the question of whether the methods to identify the outcomes of interest were adequate. The outcomes of interest were identified through chart review of records for postoperative visits, emergency department visits, and hospital readmissions for clinical suspicion of VTE and their respective imaging confirmatory studies. However, patients may have been diagnosed at an outside institution.
To account for possible occurrence of outcome of interest events at an outside institution, encounters with other healthcare providers after surgery were also screened for patient self-reported incidence of VTE within 90 days after surgery.
Statistical Analysis
All analyses were performed using the R statistical programming language (R Version 3.3.3, Vienna, Austria). All testing was two-sided and considered significant at the 5% level. For the primary endpoint of the study (symptomatic VTE), we utilized a 0.25-percentage point difference as the margin for the power calculation based on Parvizi et al. [21] . At 0.80 standard for power, the current study is adequately powered to test for a significant difference at a margin of 0.25% for the incidence of symptomatic VTE. It is important to note that the study was not powered to detect any differences in the incidence of symptomatic DVT, symptomatic PE, bleeding, or mortality between the groups. For the "unadjusted" (univariate) comparisons, categorical variables were compared between groups using either Pearson's chi-square test or Fisher's exact test, as appropriate. Univariate (unadjusted) odds ratios for the outcomes of interest between the groups were recorded between the 81-mg aspirin group and the 325-mg aspirin 
Results
After controlling for relevant confounding variables like age, sex, BMI, CCI, and surgeon, we found no difference between low-and standard-dose aspirin in terms of symptomatic VTE. The 90-day incidence of symptomatic VTE in the entire study population (both cohorts) was 0.9% (36 of 3936 patients). There was no difference (p = 0.30) in the incidence of VTE between groups: 0.6% (six of 1033 patients) in the 81-mg aspirin group compared with 1.0% (30 of 2903 patients) in the 325-mg aspirin group. There was no difference in the 90-day incidence of symptomatic DVT between the two groups. The incidence of symptomatic DVT in the 325-mg aspirin group was 0.8% (23 of 2903 patients) compared with 0.5% (five of 1033 patients) in the 81-mg aspirin group (p = 0.43). There was no difference in the 90-day incidence of symptomatic PE between the two groups. The incidence of PE in the 325-mg aspirin group was 0.3% (10 of 2903 patients) compared with 0.2% (two of 1033 patients) in the 81-mg aspirin group (p = 0.74). There was no difference in the 90-day incidence of clinically significant bleeding after surgery between the two groups. The incidence of bleeding after surgery was 0.1% (four of 2903 patients) in the 325-mg aspirin group compared with 0.1% (one of 1033 patients) in the 81-mg aspirin group (p = 0.75). Three of the five patients had GI bleeding and two patients had wound-related bleeding. Of the 3936 study patients, four patients (0.1%) died within the first 90 days after surgery in the 325-mg aspirin group and one patient died in the 81-mg aspirin group (p = 0.75).
After accounting for age, sex, BMI, CCI, and surgeon, we found no difference between low-and standard-dose aspirin in terms of bleeding or death after THA. The regression model showed no difference between aspirin doses and the incidence of symptomatic VTE (odds ratio [OR], 0.90; 95% CI, 0.29-2.85; p = 0.85) or symptomatic DVT (OR, 0.96; 95% CI, 0.26-3.59; p = 0.95) ( Table 2) .
Discussion
Aspirin has been effective for the prevention of VTEs after THA. However, the question of whether there is no difference in the incidence of VTE after THA with low-or regular-dose aspirin as the sole chemoprophylactic agent is still questionable. Although many studies have compared the efficacy of high-dose aspirin with other anticoagulation modalities [1, 18, 20, 22] , only two studies have compared different doses of aspirin prescribed for the prevention of symptomatic VTEs after total joint arthroplasty [11, 21] . Thus, the aim of this study was to compare the incidence of symptomatic VTE within 90 days after elective THA between 81 mg aspirin twice a day and 325 mg aspirin twice a day and if low-dose aspirin was associated with a lower risk of significant bleeding and death compared with regulardose aspirin after THA.
This retrospective study has several limitations. Although the study population included patients at low risk for VTE after surgery, there was no distinct criteria for the choice between the two aspirin regimens. With the absence of guidelines and recommendations recognizing clear indications for aspirin dosing regimens, the choice between doses was dependent on each surgeon's own experience, training as well as the number of comorbidities associated with each patient. The study showed that patients who received low-dose aspirin had fewer comorbidities than those received the standard dose, although the difference in the CCI might not be clinically relevant. To adjust for this potential bias and extrapolate a meaningful difference in VTE incidence between the aspirin groups, a multivariate logistic regression model was used that adjusted for demographics and comorbidities as well as surgeons as a random effect to eliminate potential selection bias. Paucity of evidence linked operative details (approach, implant type, operative time) to the incidence of VTE after elective THA in low-risk patients; therefore, those variables were not included in the study. Post hoc power analysis showed that the study was powered to detect a 0.25% difference in the incidence of symptomatic VTE between the two aspirin regimens. The study was significantly underpowered to detect differences in other important endpoints (PE or mortality) between the groups as a result of the rarity of those events, especially in low-risk patients after elective THA. The study design prevented us from establishing noninferiority, inferiority, or a superiority relationship between the aspirin doses. We can conclude, however, that low-dose aspirin can be a viable agent for the prevention of symptomatic VTE after elective THAs in healthy patients. We also did not assess other important outcomes such as the incidence of periprosthetic joint infection that has been previously reported [14, 21] .
In addition, followup completeness was assessed. There was a small percentage of patients (1.9%) who did not have complete 90-day followup. Those patients had at least one visit up to 6 to 8 weeks after surgery, but no followup visits were available at 90 days after surgery. There was no differential loss to followup between the groups (1.9% for low-and 2.0% for standard-dose aspirin). Furthermore, the study main endpoint was to evaluate the difference in symptomatic VTEs, but not all VTEs between the groups because the screening for unsuspected VTE is no longer recommended if there is no change in the patient's clinical status because routine postoperative screening for DVT after hip arthroplasty does not change outcomes or clinical management.
Moreover, the criteria used to identify significant bleeding events were not consistent with the standardized definitions of major surgical bleeding events proposed by the Scientific and Standardization Committee (SSC) of the International Society on Thrombosis and Haemostasis [28] . However, the study criteria offered a lower threshold to detecting bleeding events after surgery than the standard definition. Finally, because the difference in the effect of enteric-coated versus plain formulations of aspirin is still controversial, we did not attempt to compare between enteric-coated and plain formulations of both aspirin regimens [5, 12, 13] .
This study concurs with multiple previous reports that have shown that aspirin is an effective treatment for the prevention of VTE after THA [2, 4, 14, 22] . However, in terms of aspirin dosing, the evidence base is more limited. The use of low-dose aspirin in the prevention of VTE after total joint arthroplasty has become under scrutiny recently.
A number of studies investigated or are currently investigating the role of low-dose aspirin in the prevention of VTE. The PEPPER trial (Comparative Effectiveness of Pulmonary Embolism Prevention After Hip and Knee Replacement) is a randomized study comparing the three most commonly used anticoagulants in North America in patients who have elected to undergo primary or revision hip or knee arthroplasty. The anticoagulants being compared are enteric-coated aspirin (81 mg twice a day), lowintensity warfarin, and rivaroxaban. The primary outcomes include all-cause mortality plus PE and DVT within 6 months after surgery [22] . In addition, Parvizi et al. [21] examined the efficacy and adverse event profiles of lowdose (81 mg twice a day) versus regular-dose aspirin (325 mg twice a day) regimens for 4651 patients undergoing THA and TKA. They found that low-dose aspirin was not inferior to regular-dose aspirin in the prevention of VTE, which our study corroborates and supports. These findings were similar to the Pulmonary Embolism Prevention (PEP) trial that found a significant reduction in the incidence of PE in patients who received low-dose aspirin after surgical intervention for hip fracture as well as those who underwent elective primary THA [22] . It is important to note that the PEP trial addressed mainly patients with hip fracture. In some patients, other thromboprophylactic agents were used in addition to aspirin when deemed necessary; patients were followed up for 35 days after surgery; and most of the patients undergoing arthroplasty also receive heparin during their hospital stay.
The 90-day incidence of VTE reported in our study is considered low (0.9% [36 of 3936 patients]). Our study only evaluated the incidence of symptomatic VTE. Routine screening with Doppler ultrasound was not used in asymptomatic patients; thus, asymptomatic thrombotic events may not have been detected. The low incidence of VTE can be attributed, in addition to aspirin use, to other multimodal protocols used perioperatively to minimize the risk of VTE including pneumatic compression during the inpatient stay as well as early mobilization after the procedure. One study compared VTE incidence after THA between two aspirin doses and reported that the incidence of VTE was 0.3% in a high-dose aspirin group and 0.1% in a low-dose aspirin group [21] . Another study evaluated VTE rates in 30,270 patients receiving aspirin or warfarin after THA and TKA based on an individualized risk assessment for VTE. They reported a VTE incidence of 0.2% (10 of 4102) for aspirin and 1.8% (329 of 18,649) for warfarin in low-risk patients and 0.6% (five of 796) for aspirin and 3.2% (217 of 6723) for warfarin in high-risk patients [14] .
The study also showed no difference in the incidence of GI or wound bleeding between the two aspirin doses administered. Although the risk of GI bleeding has been reported to be dose-dependent [25] , the incidence of GI bleeding was very low in this study and we did not detect any significant difference between aspirin doses. Similarly, Parvizi et al. reported no difference in the incidence of GI bleeding after THA and TKA between the 81-mg aspirin group (0.3%) and the 325-mg aspirin group (0.4%) [21] . Feldstein et al. [11] compared the side effects of different regimens of aspirin in 643 patients after THA and TKA in a prospective study. They found that low-dose aspirin (81 mg twice a day for 4 weeks) was associated with less GI distress and nausea compared with high-dose aspirin (325 mg twice a day for 4 weeks). They also reported an overall GI bleeding risk of 0.9% with 0.7% (two of 282) in the 325-mg aspirin group and 1.1% (four of 361) in the 81-mg aspirin group. In addition, the study reported a 0.13% overall 90-day mortality rate after THA, which was similar to what has been reported by others [10, 21] .
Our study, similar to Parvizi et al., investigated the incidence of symptomatic VTEs defined by clinical presentation and confirmatory imaging studies [21] ; both utilized a 0.25% difference in the incidence of symptomatic VTE as a clinically significant difference. They also reported the incidence of periprosthetic joint infection in their population. On the other hand, we recognized significant bleeding (GI and wound) defined as bleeding that required at least one unit of red blood cells or was associated with drop of at least 1 g/dL of hemoglobin. Parvizi et al. reported GI bleeding only confirmed by endoscopy with no assessment of significance. Feldstein et al. reported subjective data from patient surveys conducted 30 days after surgery. The study was significantly underpowered to detect any difference in GI bleeding between the aspirin regimens [11] .
In conclusion, there was no difference in the incidence of symptomatic VTE between low-dose aspirin and standard-dose aspirin within 90 days after elective THA. Low-dose aspirin can be considered an option for the prevention of symptomatic VTE. The next step is to explore the use of multimodal prophylaxis with and without chemoprophylactic agents in the prevention of VTE in lowrisk patients undergoing total joint arthroplasty.
